A frequently examined ability that deteriorates with age is attentional orienting (Hämmerer et al., 2010; Bollinger et al., 2011) . Orienting one's attention toward relevant information helps to optimize performance, but older adults typically show an impaired use of predictive cues to guide attention (Hämmerer et al., 2010; Bollinger et al., 2011) . Consistent with theories that attribute age-related decline to decreased frontal lobe connectivity (Fabiani and Gratton, 2012) , functional magnetic resonance imaging (fMRI) indicates that older adults' attentional orienting deficit is underpinned by diminished functional connectivity between the prefrontal cortex and the visual association cortex .
Research in young adults has suggested that the ability to anticipate the timing of upcoming events is also imperative for optimal behavior (Stefanics et al., 2010) . However, before a recent publication by Zanto et al. (2011) in The Journal of Neuroscience, older adults' facility with temporal orienting had not been explored. Because of its high temporal resolution relative to fMRI, electroencephalography (EEG) is a crucial tool for studying temporal orienting. Responding to the absence of age-related temporal orienting research, Zanto et al. (2011) used EEG to compare temporal orienting across older and younger adults. Zanto et al. (2011) tested younger (mean age 24.6 years) and older (mean age 69.7 years) adults on a temporally cued target-response task while recording participants' ongoing EEG. Predictive (P) cue letters signaled the length of the cuetarget foreperiod, which was either short (S, 600 ms) or long (L, 1400 ms). Neutral (N) cues were equally followed by long or short foreperiods, thus creating four possible trial types: PS, PL, NS, NL.
Younger and older adults' performance was compared using four-way ANOVAs with task complexity, foreperiod (short, long), cue (predictive, neutral) and age (older, younger) as factors. This analysis was applied to participants' reaction time (RT) data, the visual eventrelated potentials (ERPs) evoked by the cue itself (P1 and N1), the contingent negative variation (CNV), and alpha power during the final 200 ms of the foreperiod, and finally the ERPs evoked by the target stimulus (P1, N1, and P3).
The major finding was that younger, but not older, adults used predictive information to improve task performance. This improvement was reflected in faster RTs to PS versus NS targets. Additionally, CNV amplitude (a neural measure of expectancy) was more negative in the foreperiod following PS than that following NS cues in younger adults only, indicating that the preparatory benefit of the PS cue was restricted to younger adults. Younger adults also showed larger alpha power modulation in the foreperiod, suggesting that preparatory neural mechanisms were more efficient in the frequency bands comprising the CNV and alpha activity in this age group. Although older adults showed some modulation of alpha power in the short foreperiod, the magnitude of modulation was significantly greater for young adults. The absence of RT or alpha power differences between PL and NL trials (across both younger and older adults) suggested that there was no effect of cueing for the long foreperiod. However, one would not expect differences in the long foreperiod because the predictive benefit derived from PL cues cannot exceed that provided by conditional probabilities; if the target is not displayed after a short foreperiod, it must occur after the long foreperiod.
Based on these results, Zanto et al. (2011) concluded that older adults are unable to engage the neural mechanisms underlying temporal cueing and therefore cannot improve their performance on this task. The authors argued that these findings provide support for a more general "expectation deficit" hypothesis, which posits that older adults fail to derive benefit from the forewarning of expected events, as a result of inadequate expectation-based neural mechanisms. Although Zanto et al.'s conclusions are justified by their data, alternative interpretations might add value to those conclusions.
It has been shown that older adults suffer a deficit in goal maintenance (Paxton et al., 2008) . Specifically, impaired goal maintenance is related to compensatory shifts in older adults from proactive cognitive control (used by younger adults) to reactive cognitive control. When proactive control is engaged, goal-relevant information is actively maintained in an anticipatory manner to optimally bias attention (Braver et al., 2009) . Therefore, Zanto et al.'s (2011) results could be interpreted as evidence for a general shift to reactive control rather than a specific deficit in impaired temporal expectation. In other words, younger adults may manage the PS cue-target combination using proactive control, whereas older adults rely on reactive control. Furthermore, Zanto et al. cite the top-down influence of frontoparietal networks over alpha and CNV activity and suggest that the aging deficit may stem from deterioration of frontoparietal attentional networks. Given the influence of these networks, the possible involvement of reactive control is bolstered by the fact that the prefrontal cortex is implicated in older adults' switch to reactive control (Paxton et al., 2008) . Accordingly, although Zanto et al.'s results convincingly implicate impaired expectation in older adults, further work considering the possibility of a more general overarching deficit in goal maintenance and proactive versus reactive control may help to clarify the primary mechanism driving impaired expectation.
Successful cue-target responding is a complex process that demands success at multiple substages of information processing, including visual perception, extraction of cue meaning, and response preparation (Fig. 1) . Although Zanto et al. (2011) position the locus of the older adults' behavioral deficit at the level of expectation or preparation (Fig. 1C) , it is possible that the deficit is also present earlier in the processing stream. Zanto et al. suggest that nonsignificant correlations between the amplitude or latency of the cue-N1 and the amplitude of the CNV or alpha power excludes early visual processing delays (Fig. 1 A) as the cause of the older adults' deficit. However, the current data cannot exclude age-related differential cue processing more generally. This is because the significant age-foreperiod (PS and NS vs PL and NL) interaction for the cue-P1 must have been driven by differential processing of the PS and PL cues. The neutral cues (N) were indistinguishable at the time of cue onset, such that the significant age-foreperiod effect could only have been driven by age-related differences in neural activity between the two predictive cues.
Alternatively, the older adults may have experienced difficulty at a slightly later processing stage, while extracting task-related information from the predictive cues and/or shifting their attention from cues to targets (Fig. 1 B) . Previous empirical work supports the idea that older adults have trouble extracting cue information and experience difficulty shifting their attentional focus, resulting in deficient response preparation (Häm-merer et al., 2010 ). An examination of the cue-P3a could help to disambiguate Zanto et al.'s (2011) findings, because the P3a is indicative of lifespan changes in cue utilization (Fallgatter et al., 1999; Häm-merer et al., 2010; Tays et al., 2008) . Specifically, Hämmerer et al. (2010) demonstrated that the frontal P3a is enhanced in older adults during a cued no-go task, and they argued that the increased contribution of frontal areas is indicative of greater attentional distraction costs resulting from inefficient discrimination between task-relevant and task-irrelevant cues. If future work revealed a relationship between the cue-P3a (as an index of cue utilization) and prestimulus CNV or alpha (indexing preparation/expectation), support would be provided for the differential utilization of cue meaning across age groups.
Regardless of the exact mechanism underpinning Zanto et al.'s (2011) results, these results could be usefully placed within the neural framework of diminished top-down control (Fabiani and Gratton, 2012) . This framework, which asserts that behavioral deficits in older adults result from reduced connectivity in the neural circuits involved in top-down control, has been implicated in various investigations of age-dependent brainbased changes. Zanto et al. themselves refer to an age-related deficit in frontoparietal network activity. Correspondingly, the possible alternative interpretations put forward here would also fit into this framework. First, frontostriatal areas (specifically the dorsolateral prefrontal cortex) physiologically underlie proactive control. Paxton et al. (2008) suggest that older adults' shift from proactive to reactive control may be driven by a decline in the structural integrity of the prefrontal cortex. Second, changes in frontoparietal circuitry are implicated in older adults' difficulties with cue utilization and cuetarget shifting. Madden et al. (2010) report less functional connectivity within the frontoparietal neural circuit in older adults during cue processing in a cued task switching paradigm.
Although the exact cognitive and neural processes driving Zanto et al.'s (2011) results have yet to be established, Zanto et al. clearly document the temporal orienting deficit experienced by older adults and highlight the need to examine the temporal dimension of cognition within normal aging. Their results also help to advance an understanding of the neuro-cognitive basis of attentional orienting more generally. Future research exploring the contributions of proactive and reactive control, the cue-P3a, and frontally based neural networks that mediate top-down control should help to clarify this novel and exciting field. A subset of the stages involved in information processing in a cued target-response task. A, Following the onset of the cue, it must undergo visual sensory processing (indexed by the N1 and P1 event-related potential components). B, Extraction of cue meaning can be electrophysiologically indexed by the P3a component. C, Target expectation or preparation proceeds the extraction of cue meaning, and can be indexed by the CNV or alpha power. Additionally, between the onset of the cue and that of the target, attention must be shifted from the cue to the target stimulus.
